Abstract: Ionic liquid-functionalized mesoporous materials exhibited high catalytic activity in versatile organic reactions, such as cycloaddition of carbon dioxide (CO 2 ) with epoxide, aza-Michael addition of amines to α, β-unsaturated carbonyl compounds, and the Biginelli reaction of aldehyde, ethyl acetoacetate and urea. Recycling of the catalyst in these reactions could be carried out and the catalyst used at least five times without significant loss in activity.
Introduction
Ionic liquids or room temperature molten salts are finding growing application as alternative media and catalysts for organic transformations, and have attracted much interest among organic chemists. [1, 2] The desirable advantages of ionic liquids such as the lack of vapor pressure, wide liquid range and thermal stability have made them exceptional reaction media and environmentally benign solvents or promoters or catalysts. The most commonly used liquids are based on imidazolium cations with an appropriate counter anion. Accordingly, the scope of ionic liquids based on various combinations of cations and anions has dramatically increased and new salts and solvent mixtures are continu-ally being discovered. [3] [4] [5] [6] In the past decade, many organic chemical transformations have been carried out in ionic liquids: hydrogenation [7] , oxidation [8] , epoxidation [9] , hydroformylation reactions [10] , Friedel-Crafts acylation [11] , alkylation [12] reactions, allylation reactions [13] , Diels-Alder reaction [14] , Heck reaction [15] , the Suzuki [16] and Trost-Tsuji coupling reactions [17] .
However, in some cases ionic liquids are miscible with some products or reactants, leaving separation and reuse of catalyst still a problem similar to homogeneous catalysis. Thus, immobilization of ionic liquids on solid-based materials is of particular interest. Recently, several groups reported the successful synthesis of silica-based ionic liquids, [18] while reports on ordered ionic liquid-functionalized mesoporous materials are still quite rare. [19] As a part of our program to explore the full potential of ionic liquid-functionalized SBA-15 mesoporous material and room temperature ionic liquids in chemical transformations, [2, 20] herein, we report the catalytic activity of ionic liquid functionalized SBA-15 mesoporous material in several organic transformations, namely cycloaddition of CO 2 with epoxide, aza-Michael addition of amines to α, β-unsaturated carbonyl compounds, and the Biginelli reaction of aldehyde, ethyl acetoacetate and urea.
Experiment parts

General considerations
All reagents and solvents were used directly without purification. Flash column chromatography was performed over silica (100-200mesh).
1 H-NMR and 13 C-NMR spectra were recorded at 400 and 100 MHz, respectively, and were referenced to the internal solvent signals. IR spectra were recorded using a FTIR apparatus. Thin layer chromatography was performed using silica gel; F 254 TLC plates and visualized with ultraviolet light. X-ray powder diffraction (XRD) data were acquired with a Rigaku D/max 2500V/PC diffractometer with Cu-K a radiation. N 2 adsorption and desorption isotherms were measured with a Quantacrome Autosorb-1 system at 77 K. Surface areas were calculated according to the BET method with relative pressures in the range 0.2 − 0.3, and pore volumes were taken at the P/P 0 = 0.9923 single point. Pore diameters were determined from absorption branches according to the Barrett-Joyner-Halenda (BJH) method. Loading amounts of ionic liquids were calculated from the nitrogen contents performed with an Elementar Vario EC III CHNOS element analyzer. 
General Procedure for Aqueous Aza-Type Michael Addition Reactions
To an ionic liquid-functionalized SBA-15 (ILSBA-1) catalyst (10.6 mg, 1 mol% of MPImCl) in H 2 O (3 ml) were added α, β-unsaturated compounds (1 mmol) and the amine (1 mmol), and the mixture was stirred for 6 h at 10 • C. Then, the catalyst (ILSBA-1) was filtered off and the mixture was extracted with CH 2 Cl 2 . The combined organic layers were dried over Na 2 SO 4 , filtered, and evaporated. The resulting crude was purified by FC (SiO 2 ) and confirmed by GC-MS, NMR.
Representative Procedure for the Reaction of Epoxides with Carbon Dioxide
A 100ml stainless pressure reactor was charged with ILSBA (1.06 g, 1 mol% of MPImCl), propylene oxide (100 mmol). The reaction vessel was placed under a constant pressure (2.5 Mpa) of carbon oxide for 5 min to allow the system to equilibrate and then heated to 110 • C for 8 h. The vessel was then cooled to ambient temperature, the pressure released, and the contents transferred to a 50 mL round-bottom flask. The catalyst was recycled by filtration, any unreacted substrates were removed under vacuum, and the residue was obtained as colorless liquid. The product was confirmed by GC-MS, NMR.
General Procedure for ILSBA catalyzed Biginelli reaction:
A solution of the aldehyde (10 mmol), ethyl acetoacetate (1.30 g, 10 mmol), urea (0.91 g, 15 mmol), and ILSBA-1 (106 mg or 530 mg, 1 mol% or 5 mol% of MPImCl) in glacial AcOH (40 mL) was heated at 100
• C for 3 h in a single-neck flask. Then, the hot solution was filtered through a sintered funnel to remove the catalyst for reuse. Most of the AcOH was removed under reduced pressure and then the residue poured onto crushed ice. Stirring was continued for several minutes, and the solid product was filtered through a sintered funnel. The crude product was purified by recrystallization (EtOH). The product was confirmed by GC-MS, NMR, and IR.
Results and Discussion
The preparation of ionic liquid functionalized SBA-15 was carried out with our earlier reported method. [20] The two different types of ionic liquid-functionalized SBA-15 (ILSBA-1 Owing to their prevalence and wide utility in organic synthesis, the development of novel synthetic methods leading to β-amino ketones or their derivatives has attracted much attention in recent years. [21] Recently, there were also some reports of azaMichael reaction conducted in Cu(acac) 2 [23] . Unfortunately, many of these procedures often require an excess of reagents, long reaction times, use of expensive heavy metal salts and drastic reaction conditions in CH 3 CN or CH 2 Cl 2 that are toxic organic solvents. In our previous work, we have found that aza-Michael reactions of amines with α, β-unsaturated compounds can be accomplished with an ionic liquid and quaternary ammonium salts under mild conditions. [22] Inspired by theses findings of aza-Michael reactions, we surveyed the catalytic activity of ionic liquid-functionalized SBA-15 mesoporous material in the aza-Michael reaction and found it an excellent catalyst for the alkyl amines and imidazole. As shown in Table 1 , the ionic liquid-functionalized SBA-15 mesoporous material showed better catalytic activity in the aza-Michael reaction of benzylamine with acrylate in a shorter time (6 h). These fascinating results prompted us to study the addition of aromatic N-heterocycles (imidazole) to α, β-unsaturated carbonyl compounds. Fortunately, excellent yields of the Michael adducts were obtained in a short reaction time. In other words, we succeeded in the development of a new heterogeneous ionic liquid functionalized SBA-15 for the aza-Michael reactions of amines and N-heterocycles under mild conditions. Conversion of carbon dioxide to industrially useful compounds has been a challenge for synthetic chemists and has recently attracted much interest. [24] One of the most attractive synthetic goals starting from carbon dioxide is the five-membered cyclic carbonates system because these derivatives have many synthetic uses, and have generally been synthesized from the corresponding diols and phosgene or related compounds. [25] In the past decades of the twentieth century, numerous catalytic systems using harmless oxiranes with CO 2 have been developed for this transformation, [26] while the advances have been significant, most of methods suffer from either low catalyst stability/reactivity, air sensitivity, the need for cosolvent, or catalysts requiring special structures. Herein we report an efficient heterogeneous catalyst:-ionic liquid-functionalized SBA-15 (ILSBA-1 and ILSBA-2) for the cycloaddition reaction of oxiranes with CO 2 and show good results. Table 2 summarizes the catalytic activity of ionic liquid functionalized SBA-15, which displayes good activity with a TON of 95 g of product/g ILSBA-1. In addition, recycling of the catalyst (ILSBA-1) in subsequent reactions was carried out five times, and no significant loss in conversion was observed after each recycle. Based on the above results, the practical preparation of cyclic carbonate can be accomplished in the presence of the ionic liquid functionalized SBA-15 catalyst. This is a very efficient heterogeneous system for the chemical fixation of carbon dioxide with terminal epoxide to form cyclic carbonates. There is considerable current interest in the Biginelli reaction, because 3,4-dihydropyrimidin-2-(1H)-ones and their derivatives have attracted great attention recently in synthetic organic chemistry. This is due to their pharmacological and therapeutic properties such as antibacterial and antihypertensive activity in addition to their behaving as calcium channel blockers, a-1a-antagonists and neuropeptides Y (NPY) antagonists. [27] The Biginelli reaction is one of the multicomponent reactions (MCRs) and most important procedures for the synthesis of 3,4-dihydropyrimidin-2-(1H)-ones. In general, Biginelli reactions are simple one-pot, but low-yielding, condensations of β-dicarbonyl compounds with aldehydes and urea. The main drawback of the Biginelli reaction is the low yield for the extended reaction times in the case of substituted aromatic aldehydes. Consequently, the development of alternative synthetic methodologies is of great importance. This has led to the use of procedures involving organic Brønsted acids and strong Lewis acids such as BF 3 -OEt 2 , FeCl 3 , LaCl 3 , La(OTf) 3 , Yb(OTf) 3 , InX 3 (X = Cl, Br), ZrCl 4 , BiCl 3 , LiClO 4 , etc. [28] However, many of these reagents or catalysts are expensive, harmful and difficult to handle especially on a large scale, and most of the catalysts were difficult to recycle and reuse after the completion of the reaction. Thus, we evaluated the ionic liquid functionalized SBA-15 (ILSBA-1) for the synthesis of a variety of substituted tetrahydropyrimidine-5-carboxylates. Although the ionic liquid-functionalized SBA-15 (ILSBA-1)-catalyzed Biginelli reaction showed good results in CH 3 CN, and EtOH, recycling of the SBA-15 is difficult because the 3,4-dihydropyrimidin-2-(1H)-ones were also partially soluble in CH 3 CN or EtOH. It was found that glacial AcOH was a better solvent with excellent isolated yield, and no precipitation was observed during reaction except for ILSBA-1. It is suitable therefore for the recycling of the ionic liquid-functionalized SBA-15 (ILSBA-1), and the reaction was carried out in AcOH in the next study. As shown in Figure 2 and 3, the ionic liquid-functionalized SBA-15 (ILSBA-1) showed good catalytic activity, and could be used at least five times without significant loss in activity. Encouraged by the above results, other special substrates, for example, several different aromatic aldehydes and hydroxyl-substituted aldehydes were reacted under optimized conditions and achieved moderate yields in the presence of ionic liquid-functionalized SBA-15 (ILSBA-1) in AcOH at 100
• C for 3 h (Table 3) . So the use of ionic liquidfunctionalized SBA-15 (ILSBA-1) as catalyst provides a simple and efficient method for the Biginelli reaction performed with aromatic aldehydes. The problem of separating expensive catalyst from products, especially problematic for large-scale preparations, can be readily circumvented with ionic liquid-functionalized SBA-15 (ILSBA-1).
In conclusion, we have prepared the ionic liquid-functionalized mesoporous materials and found high catalytic activity in versatile organic reactions, such as cycloaddition or chemical fixation of carbon dioxide (CO 2 ) with epoxide, aza-Michael addition of amines to α, β-unsaturated carbonyl compounds, and the Biginelli reaction of aldehyde, ethyl acetoacetate and urea. These reactions could be carried out under mild conditions, and the yields and chemoselectivities were generally high. Recycling of the catalyst in these reactions was carried out and the catalyst could be used at least five times without significant loss in activity. It is evident that this is a practical and efficient heterogeneous catalyst with potential application in organic synthesis and chemical industry.
